ABSTRACT: Chemostratigraphic methods (␦ 13 C org ) for pinpointing the Permian-Triassic boundary in nonmarine rocks of Antarctica, Australia, and South Africa have drawn attention to unusual claystone breccias at this horizon of the greatest extinction in the history of life on Earth. These rocks differ from other breccias in having a high proportion of clasts with birefringence microfabrics (sepic plasmic fabrics) characteristic of soils, and can be called sepic pedoliths in the terminology of soil science. At many localities, earliest Triassic sepic pedoliths are thin (5-15 cm) beds, but some fill shallow paleochannels, and pinch out laterally. Other non-marine breccias at the Permian-Triassic boundary are dominated by fragments of coal, pedogenic carbonate nodules, and deeply weathered volcanic rock fragments. Earliest Triassic sepic pedoliths record an unusually severe and widespread episode of soil erosion associated with forest dieback at the PermianTriassic boundary. Comparable sepic pedoliths are found in debris flows after clear-cutting of forests in western Oregon today. Studies of these modern deposits show that sepic soil peds do not withstand weathering for more than a few months. Such clayey clasts are held together mainly by roots and fungi, which decay rapidly in soils and streams. These modern analogs demonstrate that terminal Permian soil erosion was rapid and profound. Sepic pedoliths are also known at other times of mass extinction, such as the Triassic-Jurassic boundary, but are not yet known before the Devonian advent of trees and forested clayey soils.
INTRODUCTION
The Permian-Triassic mass extinction 251 million years ago was not only the greatest mass extinction in the history of life (Jin et al. 2000) , but a massive disruption of sedimentary systems, including the long-term destruction of peat-forming swamps and coral reefs (Flügel 1994) , and spread of braided streams , anomalous sea-floor calcite (Knoll et al. 1996) , calcimicrobial mounds (Lehrmann et al. 2003) , and stromatolites (Schubert and Bottjer 1992) . In addition there are anomalous and distinctive horizons of claystone breccia (Retallack 1999a; Retallack and Krull 1999) , and flat-pebble conglomerate (Wignall and Twitchett 1999) . Claystone breccias have granule-size or larger clasts that are angular, far from spherical, and have no internal bedding, unlike flat-pebble conglomerates which contain rounded and internally bedded slabs. Although Pettijohn (1975) argued that the term breccia should be restricted to rocks fragmented by faulting, volcanic intrusion, and hydrothermal pressure, breccia has been widely used for coarse-grained sharpstone sedimentary rocks (Laznicka 1988) . These sedimentary breccias contain abundant clayey clasts which show signs of prior pedogenic modification (sepic plasmic fabric, sesquans, argillans, and crystallaria of Brewer 1976) , suggesting that they are products of soil erosion (Retallack 1999a; Retallack and Krull 1999; Retallack et al. 2003) following terminal Permian dieback of vegetation (Retallack 1995; Twitchett et al. 2001; Looy et al. 2001) . Discovery of faint iridium anomalies , fullerenes with extraterrestrial 3 He , and carbonaceous chondritic meteoritic debris (Basu et al. 2003) within and near earliest Triassic claystone breccias opens the possibility that they might be ejecta from asteroid or comet impact. Earliest Triassic claystone breccias also include bipyramidal quartz and volcanic rock fragments ) from nearby volcanic arcs, opening the possibility that they are volcanic breccias. These and other plausible origins of these enigmatic rocks will be examined here, along with comparable modern deposits formed in the aftermath of forest clear-cutting in the Coast Range and Cascade Mountains of Oregon.
DESCRIPTIONS OF PERMIAN-TRIASSIC BOUNDARY BRECCIAS
The Permian-Triassic boundary is defined within global stratotype marine strata near Meishan in China by the first appearance of the conodont Hindeodus parvus, which is also very close in time to a marked negative anomaly in the isotopic composition of carbonate carbon (Jin et al. 2000) . This carbon isotope anomaly in carbonate and organic matter has now been used to pinpoint the Permian-Triassic boundary in marine and nonmarine rocks worldwide (Morante 1996; Wignall et al. 1998; MacLeod et al. 2000; de Wit et al. 2002) . This newly applied chemostratigraphic marker has been found to coincide with unusual claystone breccias at many locations (Fig. 1) . Breccia beds at the boundary between latest Permian and Triassic fluvial strata are described here from Graphite Peak and Mt Crean in Antarctica (Retallack and Krull 1999) , Coalcliff, Wybung Head, and Frazer Park in Australia (Retallack 1999a) , Letham Burn in New Zealand (Waterhouse 1967 (Waterhouse , 1998 Force 1975; Landis et al. 1999) and Lootsberg Pass, Wapadsberg, and Bethulie in South Africa (Retallack et al. 2003) . Flat-pebble conglomerates and claystone breccias at the Permian-Triassic boundary are also known from India (Sarkar et al. 2003) , Italy, Iran, Spitsbergen, China, and Canada (Wignall and Twitchett 1999) . In all these places, claystone breccias and flat pebble conglomerates contrast with finer-grained overlying and underlying rocks.
Sydney Basin, Australia
The Permian-Triassic boundary in the Sydney Basin of southeastern Australia is at the last appearance of Glossopteris leaves, glossopterid chambered roots (Vertebraria), and the Dulhuntyispora palynozone (Retallack 1995 (Retallack , 1999a , which coincides with a marked carbon isotope anomaly (Morante 1996) . The isotopic decline to a minimum is within the last coal formed by Glossopteris-dominated swamps: Bulli Coal of Illawarra Coal Measures in the southern Sydney Basin, Vales Point Coal of Newcastle Coal Measures to north, and Katoomba Coal of Farmers Creek Formation to the west (Retallack 1999a ). This coal is abruptly overlain by channel sandstones and conglomerates of the Narrabeen Group in most places: Coal Cliff Sandstone to south, Dooralong Shale to north, and Widden Brook Conglomerate to west. At some localities, however, there is a meter of shale and claystone below the earliest Triassic paleochannels with a distinctive paleosol (Wybung pedotype of Retallack 1999a). The paleosol and associated shales contain an earliest Triassic fossil flora dominated by Lepidopteris callipteroides and a distinctive palynoflora (Retallack 1995 (Retallack , 1997b (Retallack , 2002b . The earliest Triassic paleosol is developed on a distinctive claystone breccia, which unconformably overlies the last coal (Fig. 2C) . These claystone breccias were studied in detail at Coalcliff (E150.96667Њ S34.25010Њ) on the coast south of Sydney, as well as at Wybung Head (E151.61901Њ S33.19948Њ) and Frazer Park (E151.62701Њ S33.18874Њ), which are only 2 km apart on the coast north of Sydney (Fig. 1) .
At Wybung Head the claystone breccia pinches out laterally within 4 m from a maximum thickness of 15 cm, with little erosion of the underlying coal, and local thickening and thinning (Fig. 3B ). Some depositional partings extend eastward from the claystone breccia into laterally equivalent siltstones below the Wybung paleosol, within a sea cave eroded from a dolerite dike. At Frazer Park the claystone breccia is 20 cm thick by the track on the headland, but both the breccia and Wybung paleosol are cut out completely by a basal Triassic sandstone paleochannel 200 m to the north, beside the parking lot higher on the headland. At the old mine adit at Coalcliff, the Wybung paleosol underlies a cliff-forming paleochannel sandstone and was formed on 12 cm of claystone breccia. Only 50 m to the south around the sea cliffs, the paleosol and breccia are eroded away, and a sandstone paleochannel directly overlies the last coal. In the roof of Wongawilli Colliery 10 km southwest of Wollongong, claystone breccias appear partly crusted and are disrupted by silt-filled mud cracks extending 5-10 cm down into the underlying Bulli Coal (Diessel 1992, p. 201) . Claystone breccias from all the Sydney Basin localities are massive to crudely bedded, with a suggestion of imbrication, in part from the burial compaction of claystone clasts (Fig. 4B) . The breccias are black to dark gray in color, because they contain abundant clasts of coal and carbonaceous shale (Fig. 4B) . In petrographic thin section, clasts of coal and carbonaceous shale form a pseudomatrix surrounding grains of quartz and biotite (Tables 1, 2 ). In soil terminology (Soil Survey Staff 1999), they are dominated by histic clasts. The Frazer Park and Wybung Head claystone breccias also include clasts with what Brewer (1976) terms mosepic plasmic fabric (Fig. 5E, H ) similar to that of the underclay to the coal (Fig.   5A ). Some claystone clasts are surrounded by clay skins (argillans of Brewer 1976) of pedogenic origin. Isolated argillans showing ductile deformation (Fig. 5H ) are similar to clay skins found in the underlying Birdie paleosol (Retallack and Krull 1999) .
In chemical composition, the claystone breccia of Wybung head is very deeply weathered (Tables 3, 4) . Its alumina/base molar ratio is in excess of 30, which is exceptionally base-depleted. Low soda and moderate barium/strontium ratio of 4 also indicate deep weathering (compare values of Retallack 1997a). Deep weathering also is indicated by clay minerals dominated by kaolinite, with lesser illite and only traces of smectite .
Victoria Land, Antarctica
The Permian-Triassic boundary in Victoria Land is also recognized from a carbon isotope anomaly ) and the last appearance of Glossopteris, Vertebraria, and coal as much as 12 m below the contact between Weller Coal Measures and the overlying Feather Conglomerate (Retallack and Krull 1999) . The earliest Triassic part of the Weller Coal Measures is not preserved at some localities, such as Portal Mountain, because of eroison by paleochannels of the basal Feather Conglomerate (J.L. Isbell and Cuneo 1996) . Where preserved, the earliest Triassic Weller Coal Measures contains Dolores pedotype paleosols, noncarbonaceous root traces, very low organic-carbon contents, and low carbon isotope values, quite unlike the Late to mid-Permian lower part of the coal measures (J.L. Isbell et al. 1999; Retallack et al. 2005) . Fossil plants and palynomorphs indicate a late Early Triassic age of the upper Feather Conglomerate (Retallack and Krull 1999) .
The claystone breccia at Mt Crean (E159.53333Њ S77.87383Њ) commands attention in the field because it appears as if the large white quartz granules are floating in a matrix of black claystone (Figs. 2A, 4A ). What appears to be a grain-size anomaly for hydrodynamic sorting is resolved on examination of thin sections, which show that the black clay is a pseudomatrix of compactionally deformed carbonaceous claystone clasts also up to granule size ( Fig. 5F ; J.L. Isbell et al. 1999, fig. 1 ). The claystone breccia here is stratigraphically near the top of the Permian Weller Coal Measures, overlain by 21 cm of gray, carbonaceous, silty laminite, and then massive sandstones of the overlying Feather Conglomerate (Retallack and Krull 1999) . A shift to lower isotopic values of organic carbon (␦ 13 C org ) at the level of the claystone breccia at Mt Crean suggests that it is at the PermianTriassic boundary . The Mt Crean claystone breccia is dominated by opaque claystone clasts rich in organic matter (Table 2) . These histic clasts (of Soil Survey Staff 1999) are like those of coals and underclays of the underlying Weller Coal Measures. Other grains in the breccia include quartz granules, hornblende grains, and books of kaolinite (Table 2 ). Large grains with weathering rinds (diffusion sesquans of Brewer 1976) reflect a period of prior weathering, presumably in soils of local granitic basement rocks of a hilly source land. The chemical composition of this claystone breccia (Tables 3, 4) indicates moderate chemical weathering, with low soda and high barium/strontium ratios comparable with those produced by podzolization (Retallack 1997a ). This also is indicated by their clay-mineral composition: largely illite, with small amounts of smectite and kaolinite .
Claystone breccia also has been found in the Allan Hills (E159.73623Њ S76.70240Њ) in a sandstone matrix immediately below the lowest Dolores paleosol, here taken as earliest Triassic, in the Weller Coal Measures 12 m below the top of its contact with the overlying Feather Conglomerate (Retallack and Krull 1999) . Clasts of the Allan Hills claystone breccia are up to 6 mm in size, white and light gray, and mainly mosepic (in the sense of Brewer 1976), like underclays to Evelyn paleosols lower in the same sequence.
Central Transantarctic Mountains
The Permian-Triassic boundary in the central Transantarctic Mountains is marked by a decline in organic-carbon content and carbon isotope values , extinction of Glossopteris and Vertebraria (Retallack and Krull 1999; McManus et al. 2002) and its palynoflora (Farabee et al. 1991) , and appearance of Early Triassic vertebrates Lystrosaurus murrayi and Thrinaxodon liorhinus (Colbert 1974; Retallack and Hammer 1998; Retallack et al. 2005) . The boundary is at the contact between coal measures of the Buckley Formation and green siltstones of the Fremouw Formation (Collinson et al. 1994) , and also is at the level of extinction of all Permian paleosol pedotypes, and first appearance of characteristic Triassic paleosols with noncarbonaceous root traces such as the Dolores pedotype (Retallack and Krull 1999) .
The claystone breccia at Graphite Peak (E172.36832Њ S85.05211Њ) is a distinctive light olive bed overlying the last thick coal seam of the Buckley Formation and forming the base of the first green paleosol (Dolores pedotype) of the Fremouw Formation (Retallack and Krull 1999) . These beds are not naturally exposed, but were excavated and swept clean from under a mantle of loose colluvium. The southern end of the excavated claystone breccia is slickensided and microfaulted at a high angle (dip 82ЊS on strike 60Њ magnetic) to these gently dipping rocks (dip 18ЊS on strike 36Њ magnetic). In the central part of the excavated area, claystone breccia fills a narrow (1.8 m wide by 42 cm deep) paleogully (Figs. 2B, 3A) . In a second area cleared of scree some 200 m along strike to the south, neither the claystone breccia nor coal were found, but rather paleochannel sandstones with a thin (13 cm) vein of microspherulitic prehnite (Retallack 1999b ). The prehnite dike is an extension of a nearby dike of intrusive Ferrar Dolerite, which may have coked the coal at this stratigraphic level along strike (Retallack and Krull 1999, fig. 3 ). In addition to intrusive destruction of the coal, this dominantly sandstone sequence may reflect earliest Triassic erosion of claystone breccia and much coal.
The Graphite Peak claystone breccia is dominated by noncarbonaceous claystone clasts with wispy intersecting streaks of highly birefringent oriented clays of the kind called by soil micromorphologists mosepic plasmic fabric (Fig. 5C, D) . These grains also show thick weathering rinds (Fig.  5C, D) , or diffusion sesquans of Brewer (1976) . Other grains have relict crystal outlines and appear to be weathered basaltic-andesitic rock fragments. In hand specimen, volcanic clasts are subangular, dark, and hard, whereas sepic claystone clasts have angular to ragged margins and are soft and off-white (Fig. 4C ). Sepic claystone clasts are texturally similar to paleosols of the underlying Permian Buckley Formation (especially Molly pedotype, Fig. 5B ). Coal and carbonaceous shale clasts are present, but rare (only 0.4%, counted within isotic grains of Table 2 ). The degree of chemical weathering of this claystone breccia is weak (Tables 3, 4), as indicated by low alkali and alkaline earth content and by illite-smectite composition .
At Coalsack Bluff (E172.29979Њ S84.23989Њ), the highest thick, coaly, Evelyn paleosol is overlain by sandstones dark with coal and carbonaceous shale (histic) clasts, and strongly pyritized at the top. Claystone breccia is 15 cm thick and grades up into 70 cm of sandstone capped by another 10 cm of black claystone breccia, which is 10 m below the first Dolores paleosol of the Fremouw Formation 
File # 12em FIG. 5 .-Petrographic appearance of latest Permian paleosols (A, B) compared with clasts in earliest Triassic claystone breccias (C-I; all under crossed nicols): A) insepic plasmic fabric and root traces in surface horizon (underclay) of type Birdie paleosol from Wybung Head, Australia; B) mosepic plasmic fabric in surface horizon of type Molly paleosol from Graphite Peak, Antarctica; C, D) mosepic claystone clasts with diffusion sesquan from earliest Triassic claystone breccia at Graphite Peak, Antarctica; E) insepic claystone clast with marginal argillans from earliest Triassic claystone breccia at Frazer Park, Australia; F) opaque carbonaceous (histic) claystone clasts forming a pseudomatrix to quartz granules in the earliest Triassic claystone breccia at Mt Crean, Antarctica; G) pedogenic caliche with evaporitic pseudomorphs (calcic and crystic clasts) in earliest Triassic claystone breccia at Bethulie, South Africa; H) mosepic claystone clasts and large clay-skins (argillans) in earliest Triassic claystone breccia at Wybung Head, Australia; I) volcanic grains with opaque weathering rinds (sesquans) in a calcite matrix of latest Permian Wairaki Breccia, Letham Burn, New Zealand. Scale bars are 0.5 mm, and all thin sections were cut perpendicular to bedding.
Karoo Basin, South Africa
The Permian-Triassic boundary in the central Karoo Basin of South Africa is defined biostratigraphically by the extinction of vertebrates of the Dicynodon zone, and survival of a depauperate fauna of Lystrosaurus, Micropholis, Proterosuchus, and Galesaurus within the Palingkloof Member of the Balfour Formation, below massive sandstones of the Katberg Formation (Smith and Ward 2001) . This placement of the boundary is supported by magnetostratigraphy (Ward et al. 2005) , the onset of several negative carbon isotope anomalies found in organic carbon, pedogenic carbonate carbon, and therapsid-tusk-enamel carbon (MacLeod et al. 2000; de Wit et al. 2002) , and a pronounced sulfur isotopic anomaly (Maruoka et al. 2003) . Latest Permian paleosols are very distinct from earliest Triassic paleosols and separated from them by a widespread and thick (7 m) sequence of laminites, which appear to be lacustrine in origin (Retallack et al. 2003) . In KwaZulu-Natal, northeast of the most productive vertebrate beds, a latest Permian flora with Glossopteris, Lidgettonia, and Vertebraria in coal measures of the Estcourt Formation disappears at the unconformable boundary with the Katberg Formation, which contains Lystrosaurus murrayi and Thrinaxodon liorhinus (Anderson and Anderson 1985) .
Claystone breccias at the Permian-Triassic boundary were examined in the creek below Lootsberg Pass (E24.870767Њ S31.850867Њ), on the road pass over Wapadsberg (E24.885636Њ S31.902314Њ), and in a creek east of Bethulie (E26.2689330Њ S30.422467Њ). All three have clasts predominantly of calcareous nodules (Table 2) , identical to calcic horizons (of Soil Survey Staff 1999) in underlying Som and Bada paleosols (Retallack et al. 2003) , and often rusty with ferruginous weathering rinds on the clasts (diffusion sesquans of Brewer 1976) . At Bethulie and Wapadsburg a few of the clasts contain silicified pseudomorphs of evaporitic minerals such as gypsum (Fig. 5G) . At Lootsberg Pass, a few clasts are red claystone with insepic fabric like that in Zam paleosols of the underlying laminites (Retallack et fig. 3C ). Clay minerals in Lootsberg and Wapadsburg claystone breccias are mainly illite-smectite, with small amounts of kaolinite. The chemical composition of the calcic pedolith at Lootsberg Pass (Tables 3,  4) shows little chemical weathering, and evidence of a calcic and sodic soil source (Tables 3, 4) .
Letham Burn, New Zealand
Latest Permian age of the Wairaki Breccia in the Taringatura Hills of New Zealand is inferred largely from its fossil fauna of brachiopods of the Wairakiella rostrata zone (Waterhouse 1967 (Waterhouse , 1998 . Geological mapping of the area shows a general sequence from western mid-Permian marine limestones to eastern early Triassic conglomerates, though disrupted by stacked thrust faults (Force 1975; Waterhouse 1998; Landis et al. 1999) . Continuous stratigraphic sections have not been measured because of structural complications and poor exposure.
This study focused on large outcrops above steep slopes and cliffs of Glendale Limestone on the southern slopes of Alec Mutch Creek, the first tributary of Letham Burn above its confluence with the Wairaki River ( Fig.  1: S45 .77535Њ E167.95200Њ). The outcrop exposes thick-bedded, poorly stratified granule breccia, with partings and tension gashes filled with calcite (Fig. 2D) . The breccia clasts are mostly rounded granules of basalticandesitic lava, like those of the earlier Permian volcanics in the Old Wairaki Hut Formation (Waterhouse 1998) . In thin section, many of these clasts show complete or marginal ferruginization (diffusion sesquans of Brewer 1976) . The matrix in thin section is largely sparry calcite, which supports the delicate structures of latest Permian stony bryozoans (Dyscritella sp.).
Other Earliest Triassic Breccias and Conglomerates
Flat-pebble conglomerates are a distinctive coarse-grained facies of many Permian-Triassic supratidal and intertidal sequences in Canada (Fort St John), Spitsbergen (Festningen), Italy (Bulla), Iran (Emarat), Pakistan (Nammal Gorge), and China (Lianfeniya and Shangsi) (Baud et al. 1989; Davies et al. 1997; Wignall and Twitchett 1999) . I have also seen flatpebble conglomerates in earliest Triassic tidalite facies of the Chinlung Formation at the Xujiashan cement factory, 15 km east of Nanjing, China (approx. E118.96Њ N32.05Њ). Wignall and Twitchett (1999) interpret these as tempestites from tidal flats dominated by cyanobacteria, comparable to those widespread in late Precambrian and Cambrian intertidal and shallow marine strata (Sepkoski 1982) . The abundance of stromatolites and calcimicrobial carbonates at the Permian-Triassic boundary is another indication of conditions comparable to those of the earliest Paleozoic (Schubert and Bottjer 1992; Lehrmann et al. 2003) .
Nonmarine breccias at the Permian-Triassic boundary also include the Clayey Sandstone Member of the Nordhausen Formation of the Thuringian Basin of Germany (Kozur 1993) , and the uppermost Raniganj Coal Measures, near Banspetali, India (Sarkar et al. 2003) . Other examples are thin conglomerates within laminites near Orenburg, Russia (Benton 2003, p. 244) , in a stratigraphic sequence of laminites between fluvial facies very similar to that in the Karoo Basin of South Africa, which yielded the calcic pedoliths described here.
COMPARABLE MODERN SEDIMENTS IN OREGON
There is no perfect modern analog for the Permian-Triassic life crisis, thank goodness, but much can be learned by seeking situations where soils are freshly eroded. Among the various kinds of paleosol fragments recognized in earliest Triassic claystone breccias, ferruginized clasts are widespread in areas of current or former tropical soils (Retallack 1991) . Most channels and gullies in aridlands contain lag concentrations of pedogenic calcareous nodules (Tandon and Narayan 1981) . In contrast, sepic clasts are rare and hard to find in sediments. In the field, these can be identified by abundant brown or gray granules, easily crushed between the fingers, and workable into a clay pellet. I have found them only associated with road construction and clear-cut logging in the Coast Range and Cascades foothills near Eugene, Oregon (Fig. 6 ). This is a hilly region largely given over to commercial forestry based on Douglas fir (Pseudotsuga menziesii) in a humid, summer-dry, cool temperate climate (Swanson and Dyrness 1975; Swanston and Swanson 1976; Grant and Wolff 1991; Rosenfeld 2000) . Eugene in the period 1951-1977 had a mean annual precipitation (MAP) of 1114 mm, with 226 mm in January and 6 mm in July, and a mean annual temperature (MAT) of 11.4ЊC (Patching 1987) . This is comparable with paleoclimate estimated using geochemical transfer functions File # 12em
Field Observations
Three recently exposed soils were visited and sampled for petrographic and particle-size analysis. The Rock Creek site on 9 February, 2003 was a miniature (30 cm wide and 20 cm high) talus cone within a backhoe ditch excavated in January 2003, to block vehicular access to a ridge-top powerline access road 2 km northwest of Austa, in the Coast Range of Lane County, Oregon (W123.669583Њ N44.026500Њ). This talus cone had the appearance of dry ravel deposits, common in this area after forest fires (Gabet 2003; Wondzell and King 2003) . The sediments were cut with a machete and pressed into a 1 ϫ 4 ϫ 5 cm tin (purchased with Altoids peppermints) for later thin-section preparation. These samples came from the bottom of the backhoe trench, 1.5 m below road level at a point 2 m below a road cut exposing a thick soil (Bohannon gravelly loam, Haplumbrept of Patching 1987) . The layered breccia of this small (20 cm high by 25 cm wide) talus cone includes (1) deeply weathered, yellow fragments of Eocene Tyee Formation from the C horizon of the soil exposed in the saprolite, (2) highly ferruginized fragments of local diabase dikes (Walker and MacLeod 1991) , and (3) granule-size, brownish-gray, claystone soil peds, easily crushed between the fingers and soluble in water.
A clear-cut on a gently sloping summit ridge below the main logging road on the ridgetop 1 km north of Austa, also in the Coast Range of Lane County, Oregon (W123.658200Њ N44.012283Њ), was also sampled for thinsections on 9 February, 2003, in a shallow (6 cm deep by 14 cm wide) rill within the burned area of a slash pile (Fig. 7A, B ). This wood lot had been clear-cut in January 2001, with local slash burning and replanting in February 2002. The ground here was puffy with charcoal, and small debris flows (in the sense of Swanson and Dyrness 1975) , which were dissected by small rills (Fig. 7A, B) . The soil at this site is a Dystrochrept of the Blachly silty clay loam (Patching 1987) , developed on fine-grained sandstones of the Tyee Formation (Walker and MacLeod 1991) . The ridge-top nearby includes Plio-Pleistocene red gravels (like those described by Parsons 1978), which also could have contributed to this soil by slope wash and creep. Apart from abundant charcoal chips 2-4 mm square, this layered deposit consisted largely of brownish gray claystone granules, which dissolve to a muddy suspension in water and are easily crushed by hand.
Several sampling visits (26 April, 7 and 9 May, and 22 September, 2003) were made to a bulldozed landing for a clear-cut drag line just below the ridge crest west of Cottage Grove Lake and 4 km north of London, in the Cascades foothills of Lane County (N43.68440Њ W123.136139Њ). This clear-cut and landing had been completed by Weyerhauser Corporation in February 2003. Successive visits monitored the emplacement and weathering of a series of small mudflows ( Fig. 8C-E ) from a bulldozed cut exposing late Eocene red paleosols , and a modern soil (Argixeroll of Dixonville silty clay loam of Patching 1987) . The late Eocene paleosols of the Fisher Formation are sandwiched between underlying late Eocene tuff and overlying late Eocene basalt flows which crop out on the ridge upslope . Newly formed mudflows, initiated by individual rainfall events, were small (9.8 and 8.4 cm thick, and 1340 and 120 cm wide, respectively, for two examples) and showed coarse-grained marginal ridges raised 2-3 cm above the central part of the flow at the snout and margins of the mudflow. Subsequent rainfall events dissected the central part of the mudflow by rill erosion, and destroyed many clayey clasts by dissolution in ponded water. Clay settling from the water formed a crust 8-9 mm thick, which was then disrupted slightly by mud cracks if not overrun by a subsequent mudflow (Fig. 7C) . After only three months, these surfaces supported herbaceous plants and were unrecognizable as debris flows (Fig. 7E) . Erosional gullies were thus filled with a sequence of surficially weathered debris flows, each about 5-10 cm thick, with a clayey and mud-cracked surface crust.
Grain-Size Measurements
Progressive weathering of one debris flow near London was assessed by determination of its grain size 13, 26, and 149 days after it was formed in a rainstorm. These were all samples from within the debris flow, beneath the surface crust in which all clay grains had slaked to clay, sprinkled with silt and sand. Sand and clay proportions were determined by sieving, but grains larger than 2 mm were measured individually using digital calipers. Median grain size decreased through time from 1.41, to 0.95, to 0.58 mm, for 13, 26, and 149 days, respectively (Fig. 8) . Decline in the interquartile spread of sizes was more profound, as was the loss of large clayey peds, with none larger than 4 mm surviving more than two weeks.
Petrographic Observations
Thin sections were prepared of sediments at each of the sites, by impregnating with dilute epoxy and grinding under kerosene (Tate and Retallack 1995) . A wide array of pedogenic fabrics were observed, even within an individual thin section (Fig. 9A ). Most were matrix-poor and uncemented aggregates. Many showed intersecting streaks of highly birefringent clay characteristic of the subsurface clayey (Bt) horizons of well drained soils ( Fig. 9B, C ; mosepic and masepic of Brewer 1976) . Some of these showed remnants of adhering clay skins (argillans of Brewer 1976) from the original soil (Fig. 9B) , whereas others were embayed and ragged as if breaking down (Fig. 9C) . Many rock fragments, especially of basalt and diabase showed varying degrees of ferruginization, from fresh interiors with thin opaque weathering rinds (Fig. 9D ) to grains substantially reddened and rendered opaque by iron oxide (Fig. 9A ). Yet other fragments were completely opaque and appear to be iron-manganese soil nodules, sometimes with adhering remnants of soil (Fig. 9E) .
Specimens of soil granules from a mudflow only 13 days old near London showed a variety of clayey and organic films, and common fungal hyphae, when examined by scanning electron microscope (Fig. 10) . Some of the hyphae were well preserved and abundant (Fig. 10A, C) , but in others only collapsed and degraded remnants of hyphae remain on the mud-plastered surface (Fig. 10D) . Clay skins on the surfaces of the claystone clasts bear the impressions of a mat of hyphae no longer present, as well as peeling films of organic matter (Fig. 10B) . Such a living network of hyphae, as well as organic films and clay skins, are abundant in soils, but rapidly decay on sedimentary clasts.
Point counting of thin sections indicates degradation of some kinds of clasts, but persistence of others in the mudflow near London, sampled 13, 26, and 149 days after it formed (Fig. 11) .Pedogenic claystone clasts drop precipitously in abundance after two weeks, even within the part of the mudflow protected by a surface clayey crust. This is especially true of clasts with common highly birefringent clay separations that intersect (masepic) or are just short of intersecting (mosepic of Brewer 1976) . Such fabrics are common in the clayey subsurface (Bt) horizon of the surface soil here, whereas less pedogenically modified fabrics of small birefringent streaks (insepic) are found in the deeply weathered saprolite (C horizon) of this soil. In contrast, fresh (lithic of Fig. 11 ) and oxidized (sesquanic) rock fragments and iron-manganese nodules (isotic) increase in relative abundance as claystone clasts slake in the rain.
Insights from Modern Soil Erosion
In Oregon clearcuts today, clayey soil peds with sepic plasmic fabric are physically fragile and chemically reactive with water, and do not persist at the surface for more than a single heavy rain. Even 5-10 cm below the 8-9-mm-thick surface clayey crusts, claystone clasts are destroyed within a few weeks. None were found within any erosional gullies or creeks of the region, even on very steep slopes such as those above the Siuslaw River immediately north of Austa. Sepic peds can be transported only short distances by mechanisms that do not involve prolonged immersion in water, such as debris flow (Swanson and Dyrness 1975) or dry ravel (Gabet 2003) .
These conclusions based on petrographic observations are supported by other studies on soil aggregate stability. Clayey soils vary widely in the EARLIEST TRIASSIC BRECCIA stability of their peds, which can be broken down by slaking in water, by microcracking during differential swelling, by chemical dispersion, and by raindrop impact (Barthes and Roose 2002) . Least stable are peds of sodic smectite (rich in exchangeable ionic sodium; Rienks et al. 2000) , followed by less sodic smectites (Amezketa et al. 1996) . Such soil peds disperse into suspension in water within minutes, sometimes explosively, whereas some kaolinitic peds survive weeks of immersion (Reichert and Norton 1994; Triplehorn et al. 2002) . Clayey soil peds are stabilized in soils by roots (Ekanayake et al. 1997; Schmidt et al. 2001) , by crop mulch (Sood and Chaudhary 1980) , by manure (Pare et al. 1999) , by fire-induced hydrophobic aliphatic compounds (D'Acqui et al. 1999) , and by silica, carbonate, iron, or aluminum cements (Reichert and Norton 1994; Lindbo and Rhoton 1996; Le Bissonais 1996) . Neither a high total clay content nor a high total organic content increase resistance of peds to slaking, so that the quality and external binding location of clay and organic matter is more critical than bulk composition (Rienks et al. 2000; Zhang and Horn 2001) . Large peds are less susceptible to slaking than small ones (Shainberg et al. 1997) , and angular peds are more susceptible than rounded ones (Manaenkov et al. 1997) . Most tests of ped slaking use water, but slaking is more rapid in a solution of 3% acetic acid, further accelerated in 1% NaOH and K 4 P 2 O 5 (Manaenkov et al. 1997) , and even faster in surfactants such as hydrazine (Triplehorn et al. 2002) . Slaking of soil peds in exposed soils and badlands creates muddy runoff and clayey crusts to the surface of rills, gullies and badlands, and such crusts can impede further slaking (Moore and Singer 1990; Bajracharya and Lal 1998; Faulkner et al. 2003) . Nevertheless, crusts are broken by shrinkage of microbial crusts, lichens, and mosses to create popcorn-shaped peds that are easily eroded (Schumm 1962; Engelen 1973) . Heavy rainfall leads to massive slaking and large losses of clay in suspension before crusting, but gentle slow rainfall and seepage leads to rapid crusting, which reduces clayey suspended outwash (Tanaka et al. 1999; Ramos et al. 2003) . Individual rare storms can account for as much as 80% of the cumulative 30-year sediment yield from clear-cut forests (Grant and Wolff 1991) , and set off numerous debris flows in hilly terrain (Swanston and Swanson 1976) . Fires also destroy ground cover, so that large numbers of soil peds roll down hill by dry ravel (Gabet 2003) . The transition from clayey soils to silty and sandy sediments is thus a complex process that varies considerably in rate from soil to soil. Many processes conspire to make sepic clasts rare in sedimentary sequences.
PEDOLOGICAL TERMINOLOGY FOR CLAYSTONE BRECCIAS
The bewildering array of soil modifications documented here in earliest Triassic and modern claystone breccias are best described using terminology borrowed from soil science (Brewer 1976; Catt 1990; Retallack 1997a Retallack , 2001 Soil Survey Staff 1999) . All of the claystone breccias described here are pedoliths, a term used in soil science for redeposited soil (Retallack 2001) , and equivalent to the term ''soil sediment'' (Catt 1990) . ''Soil sediment'' is confusing because most sediment is derived from the physical erosion of soils, and because sedimentary processes play a role in soil formation (cumulic horizons of Soil Survey Staff 1999). The term pedolith was coined by Erhart (1965) for redeposited laterites, such as those of Vogelsburg and Graulehm in southwest Germany and Lembron in France, which are near their parent lateritic paleosols. In contrast, most sediments have grains so abraded and comminuted that original soil fabrics are no longer visible, nor easily traceable to a particular soil source A compositional classification of pedoliths can be based on the nature of the most common clasts, borrowing terminology from soil science (Fig.  12) . The pedolith used originally to define the term by Erhart (1965) can be called an oxic pedolith, which has opaque ferruginized clasts derived largely from Oxisols, laterites, and bauxites. Such soils and pedoliths are most common in tropical rain forest climates (Bestland et al. 1996) , and commonly include abundant, opaque, oxidized, spherical micropeds (Stoops 1983; Retallack 1991) . Spherical micropeds of oxic pedoliths are largely produced as oral and fecal pellets of termites (Mermut et al. 1984) . Modern pedoliths from Cooper Creek, South Australia (Rust and Nanson 1989; Talbot et al. 1994 ) are rich in similar kaolinitic ellipsoidal grains like those of nearby deeply weathered tropical soils (Kandosols of R.F. Isbell et al. 1997) . Although Rust and Nanson (1989) thought that the clay pellets were eroded from Vertisols, they do not show sepic or argillan G.J. RETALLACK Allen Press • DTPro System File # 12em FIG. 11.-Changing proportions of pedogenic clasts through time of a pedolithic debris flow near London, Oregon. Sepic claystone clasts decline dramatically in abundance after only three weeks, but fresh rock fragments (lithic), iron-manganese nodules (isotic), and rock fragments with thick weathering rinds (sesquanic) increase in abundance. microfabrics of Vertisols (Retallack 1997b ) and survive several cycles of transport in flumes (Loch et al. 1991) . These are best termed kandic pedoliths, in which clasts are strongly depleted in alkalies and alkaline earths, but little ferruginized. Comparable Triassic kandic pedoliths are described by Talbot et al. (1994) and Müller et al. (2004) . Oxic and kandic pedoliths are the most common and widespread kind of pedolith because of their non-slaking grains, but they were not found at the high paleolatitude sites reported here.
The latest Permian claystone breccia from Letham Burn, New Zealand (Fig. 5I ) can be termed a sesquanic pedolith, following the term of Brewer (1976) for a thick oxidized weathering rind. These indicate weathering in a humid climate and well drained soil, such as Alfisols and Inceptisols paleosols of the Old Wairaki Hut Formation of Letham Burn (Waterhouse 1998) . Such oxidation rinds are common in breccias and conglomerates (Lipple 1984; Retallack 1991) , but widely overlooked.
The most widespread kind of Permian-Triassic pedolith in Antarctica (Mt Crean and Coalsack Bluff; Fig. 5F ) and Australia (Coalcliff) are full of coal chips and can be called a histic pedolith. This term is derived from the soil-science term histic epipedon for the peaty surface of Histosols of humid areas and waterlogged regions (Soil Survey Staff 1999) . Histic pedoliths reported here all overlie fossil Histosols (Retallack 1999a; Retallack and Krull 1999) . Histic pedoliths are found in other coal measures as well (Dorsey and Kopp 1985; Nelson et al. 1985) , because coal and wood chips are moderately stable in water.
Permian-Triassic boundary pedoliths of the Karoo Basin include abundant redeposited caliche nodules, with diagnostic replacive-micritic and displacive-sparry internal fabrics, like nodules within underlying fossil Aridisols (Lootsberg, Wapadsberg, and Bethulie of Retallack et al. 2003) . These can be termed calcic pedoliths, which are widespread because lithified caliche nodules are stable in water (Tandon and Narayan 1981; Retallack 1991; Balin 2002) . Only a few Karoo Basin clasts included pseudomorphs of gypsum (Fig. 5G) . Silicified pseudomorphs of soil crystals also are common in desert and sabkha soils, and can dominate associated sediments (Southgate et al. 1989; Martini 1994) to form crystic pedoliths. Cold dry deserts with frozen ground can also yield breccias by cryoturbation, slumping, or channel cutting (Young and Long 1976; Brodzikowski and van Loon 1985) . Such distinctive deposits of redeposited frigid soil (Gelisols of Soil Survey Staff 1999) can be called a gelic pedolith. Neither crystic nor gelic pedoliths were found in this study, and their rarity reflects the extremity of their climates.
The most intriguing and rare kind of pedolith reported here from Antarctica ( Fig. 5C, D ; Graphite Peak, Allan Hills) and Australia ( Fig. 5H ; Wybung Head, Frazer Park) includes mainly clasts with irregular, highly birefringent streaks characteristic of soil aggregates (peds) from subsurface clayey (Bt) horizons of well drained soils (such as non-aquic Vertisols, Alfisols, Ultisols of Soil Survey Staff 1999). This distinctive fabric viewed under crossed nicols in thin section has been called sepic plasmic fabric (by Brewer 1976) and birefringence fabric (by Bullock et al. 1984) . A sedimentary deposit with such clasts can be called a sepic pedolith. The ready slaking of comparable soil clasts in clear-cuts of the Oregon Coast Range documented here explains why sepic pedoliths are rare and remarkable.
ALTERNATIVE EXPLANATIONS FOR EARLIEST TRIASSIC CLAYSTONE BRECCIAS
Earliest Triassic breccias and conglomerates have commonly been considered a lag deposit at the base of paleochannels along a major geological disconformity (Collinson et al. 1994; J.L. Isbell and Cuneo 1996) . Disconformity lag deposits consist of the most chemically resistant minerals available, such as quartz, chert, and siderite nodules, which are abundant in the bases of paleochannels in the basal Coal Cliff Sandstone and Dooralong Shale of Australia, the Feather Conglomerate and the Fremouw Formation of Antarctica, and the Katberg Formation of South Africa. In contrast, claystone breccias described here contain abundant fragments of soil, including clayey soil aggregates and peat fragments, which are neither structurally nor chemically stable in well aerated water. Furthermore, the conglomerates and breccias known to be of earliest Triassic age are not at the base of sandstone paleochannels, nor do they have a sandy matrix, but are within clayey sequences of paleosols (Retallack 1999a; Retallack and Krull 1999; Retallack et al. 2003) .
Shale breccias are also common in the bases of Triassic and Permian fluvial paleochannels in Antarctica (Collinson et al. 1994; J.L. Isbell and Cuneo 1996) , Australia (Jones and Rust 1983) , South Africa (Retallack et al. 2003) , and elsewhere (Plint 1986) . They form by rip-up and collapse of banks of recently deposited clayey sediment and very weakly developed, clayey soils. Such shale breccias have sandy matrix to angular, very poorly sorted, clasts of shale, at or near the bases of sandstone paleochannels some 2 to 15 m thick. In contrast, claystone breccias described here are sandpoor, within largely clayey or coaly sequences, and commonly less than 15 cm thick. Furthermore, claystone breccias contain very delicate clasts, such as clayey soil aggregates and peat chips, which do not long endure traction shear or water immersion of fluvial transport.
Another explanation for earliest Triassic breccias and conglomerates is as impact ejecta. This origin is made plausible by the discovery of shocked quartz in the boundary breccias described from Graphite Peak, Mt Crean, and Wybung Head quartz grains are no longer considered shocked (Langenhorst et al. 2005) . Shocked quartz has also been reported in claystone breccia at Frazer Park, Australia (Becker et al. 2004) , and in other Permian-Triassic boundary beds in India (Shukla et al. 2003) , and China (Zhou and Chai 1997) . Also found in claystone breccia at Graphite Peak were fragments of meteoritic material and spherules (Basu et al. 2003) and fullerenes with extraterrestrial 3 He . A slight, but not replicable iridium anomaly was found in the claystone breccia at Mt Crean, but a comparable anomaly was well below both the claystone breccia and underlying coal at Graphite Peak and Wybung Head . However, none of the claystone breccias described here have fused rock or soil like genuine impact breccias (Witzke and Anderson 1996; Koeberl et al. 1996) . Furthermore, impact breccias and fallout deposits tend to be even in thickness, and compositionally uniform over large areas, being dominated by material excavated from the impact crater (Fastovsky et al. 1989; Witzke and Anderson 1996; Retallack 2004) . In contrast, claystone breccias described here have small amounts of impact-generated debris within a large amount of locally eroded soil material.
Yet another explanation of Permian-Triassic boundary breccias could be as volcanic breccias. At Graphite Peak in Antarctica and Letham Burn in New Zealand the dominant clasts are volcanic rock fragments. Bipyramidal quartz has been found in the claystone breccia at Graphite Peak ). However, none of the Permian-Triassic claystone breccias show features of volcanic breccias such as vesiculation, fragments of juvenile melt, or zeolites such as natrolite (Laznicka 1988) . Furthermore there are few tuffs or other pyroclastic rocks in the Antarctic, Australian, and South African sections, which accumulated hundreds of kilometers north of a volcanic arc (Fig. 1) .
Deposition as tempestites by storm waves in tidal flats and estuaries is plausible for sesquanic pedoliths of the Wairaki Breccia of New Zealand (Waterhouse 1998) , the flat-pebble conglomerates of Greenland and Austria (Wignall and Twitchett 1999) , and well known flat-pebble conglomerates of the Cambrian (Sepkoski 1982) . These are massive and crudely bedded deposits of clasts indurated by early cementation and weathering rinds, then cemented by sparry calcite along with marine fossils. Flat-pebble conglomerate clasts have internal lamination not seen in any case discussed here, and some are so rich in organic matter that clasts float in water owing to tiny air bubbles trapped in their microbial mats (Fagerstrom 1967) . The winnowing action of successive storm surges explain the paucity of silty and clayey matrix in some flat-pebble conglomerates (Wignall and Twitchett 1999) and the Letham Burn breccias (Waterhouse 1998) , unlike all the other cases discussed.
Easily slaked soil clasts can roll downhill dry, as is common in talus cones at the base of hilly topography after forest fires (Gabet 2003; Wondzell and King 2003) . This is unlikely for earliest Triassic claystone breccias described here because they lack charcoal and they formed in low-lying G.J. RETALLACK (Retallack 1997a) , and seed fern Lepidopteris callipteroides (Retallack 2002b) , with upland forests in the background mainly conifers, Voltziopsis wolganensis and V. africanus (Retallack 1995) . The hungry therapsid is Lystrosaurus curvatus, known from bones in Antarctica (Colbert 1974) and South Africa (Retallack et al. 2003) , but represented only by footprints in the southern Sydney Basin (Retallack 1996). sedimentary basins without substantial topographic relief (Collinson et al. 1994) . Extremely arid and frigid environments also have colluvial fans of clasts deposited dry or frozen (Brodzikowski and van Loon 1985; Dilliard et al. 1999) . In contrast, Permian-Triassic claystone breccias of Antarctica and Australia formed in humid swamplands with only discontinuous permafrost (Retallack 1999a; Retallack and Krull 1999) , and those of South Africa do not have abundant crystic clasts of the driest kinds of deserts (Retallack et al. 2003) .
For earliest Triassic sepic pedoliths described here, origin in debris flows and mudflows is most likely. A likely mudflow 9 m thick, with matrixsupported clasts of basement rocks up to 7 cm in diameter, has been found at the Permian-Triassic boundary near Banspetali, India (Sarkar et al. 2003) . The examples described here, in contrast, are clayey and thin (less than 20 cm and typically 5-12 cm thick). They do have coarse-grained, basal scours and levees marginal to the basal scours, and their profiles are concave over the scour axis (Fig. 3) . These are features of thin debris flows, derived from nearby badlands of eroded soils in the Oregon Coast Range and Cascade foothills (Fig. 7) .
SEDIMENTARY MODEL FOR EARLIEST TRIASSIC SOIL EROSION
Within the context of modern debris-flow pedoliths associated with road building and clear-cut forestry in the hills of Oregon, where sepic claystone clasts are slaked by a single heavy rainfall, the Permian-Triassic sepic pedoliths of cool temperate, humid regions of the Gondwana supercontinent record an unusually voluminous and short-lived episode of soil erosion. The rarity of sepic pedoliths in sedimentary rocks is not surprising, considering their physical fragility and chemical instability. They call for extraordinary circumstances.
The Permian-Triassic boundary was a rare event of global extent-the greatest mass extinction in the history of life (Jin et al. 2000) . Extinctions on land were particularly devastating for lowland plants, such as glossopterids, tree lycopsids, and ruflorian cordaites, whereas upland conifers and seed ferns survived (Retallack 1995; Wang 1996) . There was no peat-forming flora for the entire Early Triassic , a period of some six million years (Gradstein et al. 2004 ). Palynological and paleobotanical studies reveal a terminal-Permian dieback of trees, followed by a proliferation of herbaceous horsetails and lycopsids (Retallack 1997b; Looy et al. 2001) . Episodes of profound plant decay are indicated by dramatic increases in abundance of spores and hyphae of fungi (Visscher et al. 1996; Steiner et al. 2003) , although some of these macerated microfossils are more likely remains of zygnematalean algae from oligotrophic lakes (Krassilov et al. 1999) . The cause of such widespread deforestation, decay, and ponding may have been soil anoxia, because berthierine and siderite nodules in earliest Triassic paleosols indicate unusually low soil oxygen . There is also carbon isotope evidence for methane pollution of the atmosphere from continental-shelf and permafrost clathrate reservoirs Krull et al. 2004) . Methane emissions combined with oxidation of biomass and volcanic emissions has been modeled to have reduced atmospheric oxygen to only 12%, well below the current 21% and Permian estimates of 35% (Berner 2002) . Such atmospheric and soil anoxia would have been especially difficult for wetland vegetation, whose roots are already challenged for oxygen by stagnant groundwater (Jenik 1976) .
Loss of forest cover in lowlands would have created conditions comparable to commercial clear-cutting in Oregon (Fig. 8) , with dead stumps and logs littering those parts of the landscape not remodeled by debrisladen water-lines, rills, mudflows, and badlands. The various claystone breccias taken here as evidence of catastrophic soil erosion were overlain, and locally eroded, by the spread of braided streams, distinct from meandering streams of the latest Permian (Retallack 1999a; Retallack and Krull 1999; Ward et al. 2000; Benton 2003) .
Within this overall scenario, earliest Triassic claystone breccias are envisaged as local small debris flows from a retreating scarp of erosional badlands in deforested clayey lowland soils (Fig. 13 ). This wave of erosional gullies eventually sapped sandy soils of higher ground, which then fed widespread alluvial fans and braided streams. The Permian-Triassic life crisis on land thus induced a global soil-erosion crisis broadly comparable to that currently induced by human land clearance.
OTHER SEPIC PEDOLITHS AND SOIL EROSION CRISES
Other crises of soil erosion in the geological past may also be revealed by sepic pedoliths (Table 5) . Most of these, such as the Triassic-Jurassic boundary, were also times of global mass extinction (Sepkoski 1986) , and postapocalyptic greenhouses revealed by evidence of stomatal indices of fossil plants, and paleosols (Retallack 2002a ). I have not yet found sepic pedoliths at any Cretaceous-Tertiary boundary section. Some CretaceousTertiary boundary sections include impact debris, which is only one of a number of differences between the Cretaceous-Tertiary and other extinctions (Retallack 2004) . Other sepic pedoliths are evidence that the PermianTriassic extinction was not the only time of soil erosion crisis.
In the broad sweep of geological history, sepic pedoliths are rare and their antiquity is uncertain. I have seen few histic pedoliths, and they are not widely reported (Dorsey and Kopp 1985; Nelson et al. 1985) . Histic pedoliths are unlikely to predate the Devonian origin of peats (Retallack 2001) . Other kinds of pedoliths with more durable pedogenic clasts are of greater antiquity: 2.6 Ga for crystic pedoliths (Martini 1994) , 2.5 Ga for gelic pedoliths (Young and Long 1976) , 2.1 Ga for oxic pedoliths (Gutzmer and Beukes 1998), 1.9 Ga for calcic pedoliths (Campbell and Cecile 1981) , and 1.4 Ga for sesquanic pedoliths (Lipple 1984) . Many Precambrian paleosols are not sufficiently clayey or pedal to be a source of sepic clasts in overlying alluvium and colluvium (Retallack and Mindszenty 1994; Dilliard et al. 1999) . Precambrian Vertisols as ancient as 2.1 Ga have sepic plasmic fabric, but are overlain by fluvial sands containing only scattered non-sepic iron-manganese-stained soil peds from paleosol surface horizons (Retallack 1986 (Retallack , 1997a Retallack and Krinsley 1993) . Thus there is potential for Precambrian sepic pedoliths, but the spread of clayey forested soils since the Devonian (Retallack 2001 ) may explain why only Phanerozoic examples are known so far (Table 5) .
CONCLUSIONS
Earliest Triassic and modern claystone breccias described here are distinctive because their clasts show modifications due to soil formation. The array of soil-derived clasts in these claystone breccias is matched by paleosols or soils at the same locality. Although earliest Triassic and modern soil erosion have been widespread, sources were local. Some kinds of soil clasts are robust and common, such as caliche and ferruginous nodules. Delicate clayey soil aggregates (peds) with soil microfabric (sepic plasmic fabric) are rarely encountered in sediments, because they dissolve in water. However, sepic clasts are locally common in redeposited soils (pedoliths) formed at the Permian-Triassic boundary and in mudflows of Oregon forest clearcuts. Such sepic pedoliths indicate major soil-erosion crises during extraordinary circumstances, such as human forest clear-cutting and forest die-back due to terminal-Permian atmospheric pollution with methane and other noxious gases. Other episodes of severe soil erosion may be represented by comparable deposits at the Triassic-Jurassic boundary and other times of life crisis.
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